The purpose of this study was to evaluate the validity and reliability of coating methods (plaster bandage, inelastic tape, and the alginate method) and an indirect method using a three dimensional (3D) whole body scanner. The surface area of geometric solids was measured five times using the three coating methods, and analyzed through 2D scanning and a planimeter. Second, to examine the accuracy of the alginate method more closely, the surface areas of boards with different surface properties at various inclines were measured and compared. Lastly, the surface area of a human arm was measured using the three coating methods and a 3D scanning method. The results are as follows: 1) The three coating methods were statistically valid and reliable for measuring the surface area of geometric solids. 2) The planimeter was rejected because the mean error was bigger than in 2D scanning.
Introduction
Body surface area (BSA) is the total area of animal skin, and has been used as a biometric unit in comprehensive areas. For example, BSA has long been standard practice to express human basal metabolic rate (Pinkel, 1958) . Cardiac output is usually expressed per square meter of body surface area (Krovetz, 1965) . The drug doses per unit of body weight were greater in smaller animals than in larger ones, and higher in children than in adults, but the doses per unit of surface area similar for all species and for all ages of humans (Pinkel, 1958) . Furthermore, in providing optimal care for the burn patient, the accurate estimation of the percentage of total BSA burned has proven to be an important factor. In estimating mean skin temperature, the fractions of the total BSA are used as weighting coefficients. In addition, BSA has been used as a biometric unit in evaluating the hazards of chemicals getting through skin into worker's bodies, by occupation (Scocum and Shern, 1991; Coffman et al., 1999) .
As indicated above, many researchers concur in stating that physiological phenomena are more closely related to body surface area than any other index of the body, such as body weight or height. However, BSA is still known as the most difficult part of the human body to measure. Because of this, the efforts to estimate BSA using formulas instead of measuring BSA directly have been investigated. The most popular formula applied universally is the DuBois and DuBois formula (1916) . Some other investigators have tried to derive BSA-formulas suitable for people of their own race and nationality (Breitman, 1932; Boyd, 1935; Haycock et al., 1978) . Researchers measured BSA using various methods, such as a coating method using paper, inelastic tape, plaster bandage or aluminum foil, surface integration and a geometric (or triangulation) method. In measuring BSA directly, one of the greatest difficulties was that these traditional methods were too laborious and tiresome for both subjects and researchers. Recently, some researchers have become interested in three dimensional (3D) whole body scanning for estimating BSA (Han and Nam, 2004; Tikuisis et al., 2001; Yu et al., 2003) . However, the accuracy of studies on 3D scanning has been questioned because the method cannot recognize the overlapping parts of human skin, such as finger, armpit, crotch, under breasts, and the skin folds of one who is overweight. A new method is needed to supplement the disadvantages of the traditional methods and the 3D scanning method. Our method of measuring BSA was derived using Alginate, a material commonly used in dentistry. This method has many advantages that are less time-consuming than traditional coating methods and can even measure the skin folds of those who are overweight and small, thin parts such as fingers, toes, and ears.
However, the validity and reliability of the alginate method should be evaluated before applying it to measure BSA. The validity of a method is defined by how accurately a method measures what is to be measured (Seong, 2002) . 'Reliability' means how consistently a method measures what is to be measured. Although the validity of a method may be high, if the values obtained by the method are different every time, the method cannot be trusted. AERA, APA, NCME (1999) stated that reliability is the consistency of results when a method is applied to the same subject (or object) (Seong, 2002) .
Therefore, the purpose of this study was to introduce this alginate method and to evaluate the validity and reliability of this method for measuring body surface area. For comparison with the alginate method, the two most applied methods in previous studies were selected: 1) a coating method using plaster bandage, 2) a coating method using inelastic tape, and 3) an indirect method using a whole body 3D scanner. The validity and reliability of the alginate method was compared with these methods.
Methods
This study was performed in four steps ( Fig. 1) : First, the validity of the three coating methods (plaster bandage, inelastic tape, and alginate method) were evaluated through the measurement of surface area of geometric solids. Second, the reliability of the three methods was calculated through the repeated measurement of surface area of geometric solids. Third, the accuracy of the alginate method was evaluated when applying it to square-boards with various surface properties, set at various inclines. Lastly, the accuracy of the three coating methods and a 3D scanning method were evaluated using a human arm.
Evaluation of validity in measuring the surface area of geometric solids
Because researchers can hardly know the 'true' body surface area of a living human body, the validity of methods can hardly be evaluated well. An alternative to evaluating the validity of methods measuring BSA is to measure the surface area of geometric solids. The true surface area of the solids can be calculated mathematically. Therefore, the present study used geometric solids (cylinders, truncated cones and hemispheres) to evaluate the validity of various methods using the following three methods: 1) a plaster bandage method, 2) an inelastic tape method and 3) an alginate method. The surface area calculated mathematically was considered the true surface area (Table 1) . For the coating method using plaster bandage, first cut the plaster bandage into proper sizes and have the bandages soaked in warm water. Then, put the soaked plaster bandage on the surface. After the bandage has dried, separate the bandage from the surface. Paste light but strong paper inside the dried bandage and separate the paper from the dried plaster bandage. Cut the paper-mold evenly and copy the paper onto the other paper (tracing paper). The surface area of the contour copied on the tracing paper was calculated by both the planimeter (X-PLAN 460D III, Ushikata, Japan) and a 2D scanning-method. The 2D scanning-method means using a 2D scanner (Epson Fig. 1 Procedure for evaluating validity and reliability in the present study.
perfection 640U, Japan) and an Image program (Image Pro) on computer.
A coating method using paper-inelastic tape (3M Micropore TM 1530-1, USA) often used to measure the small parts in body surface, such as fingers, hands, toes, and feet. Mark demarcated lines in the same manner as the plaster bandage-method, and then put paper tape on the surface area not to be overlapped. After separating the tape from the skin, the surface area can be calculated the same way as the plaster bandage method above. The present study calculated the surface area using two methods, by planimeter and 2D scanning.
The third method used 'Alginate' (Jeltrate ® , DENTSPLY LTD., England). Alginate is a fine powder used in forming artificial teeth. According to the MSDS (Material Safety Data Sheet) of OSHA (Occupational Safety and Health Administration, USA), there is no skin hazard through skin contact, but the inhalation of alginate powder should be avoided. The material is hardened by contact with water, but the surface of alginate remains soft, like a rubber glove. After preparing alginate powder, a rubber ball and knife (only for the alginate), mark demarcated lines in the same manner as with the plaster bandage-method. Then, put the alginate powder into the rubber ball and pour water into the ball. After stirring it well, coat the doughy alginate material evenly on the surface of the human skin (or a solid), about 3 mm thick. Since air temperature also affects hardening time, air temperature should be in the range of about 19-24°C. One or two minutes later, the material gradually hardens. Then separate the alginate piece from the surface of the skin. The piece is very easily separated from the surface of the skin without any pain. Since the demarcated lines were copied inside the alginate piece, cut the piece into sub-pieces along the copied lines and then copy the line's contours on paper. The area of a contour copied on the paper was calculated using two methods, by planimeter and 2D scanning as above. In this study, the alginate dough was analyzed as soon as it had molded. Therefore, the possibility that the alginate had contracted while drying can be discounted. The advantages of this method were that it was less time-consuming and less tiresome than other coating methods, and can measure even the small and thin parts such as the finger, toe and ear.
After measuring surface area using these three methods, the surface area of solids copied on a sheet of paper was analyzed by two methods (2D scanning and planimeter) (Fig. 1) . The validity of the methods was evaluated using 1) the difference between the true surface area and the surface area measured by the three methods, and 2) the coefficients of the correlation between the true surface area and the measured surface area.
Evaluation of reliability in measuring surface area of geometric solids
The present study measured the surface area of solids five times each using three methods, and the results measured 5-times per case were compared. The statistical comparison of the reliability of these three methods was analyzed through standard deviation (SD) and Pearson's coefficients of correlation (r). The reliability of a method was evaluated as high when the standard deviation is low and the coefficient of correlation among the results measured repeatedly (five times) is greater.
Measurement of surface area of solids with various surface properties and slopes, using the Alginate method
Using the Alginate method, the surface area of three kinds of rectangular square boards (20ϫ20 cm) with different surface properties were measured, and the surface area of the three boards with different inclines (0°, 20°, 40°, 60°, 90°) were also measurecd ( Fig. 1) . The surfaces of the three boards were smooth plastic, hard sponge with minute foam, and gauze.
Evaluation of validity in measuring the surface area of a real human arm
The properties of the surface of geometric solids are The left arm and hand of a male different with the real skin of the human body, and the degree of curvature is also different. Even though the validity and the reliability of the three methods is high, the results may change when the methods are applied to a real human body instead of geometric solids. For this reason, the present study measured the surface area of an arm in a male using the three methods, and added a 3D scanning-method to the previous three methods (Fig. 1) . The 3D whole body scanner (WB4, Cyberware Co., USA) was used for estimating the surface area of a left arm. A male subject was asked to stand on a flat-top surface and then extend his arms naturally at about 30°. When the subject stands on the scanner's platform, the four heads of the scanner start at the person's head and move down to scan the entire body. In the scanned body image, only the left arm (including the left hand) image was extracted. To calculate the area of the scanned image, specialized softwear (CYEAT editing) was used. 'CYEAT editing' is a polygon-editing-tool which can fill in the holes on the body images and make smooth the surface of the body. Since 3D scanned data consisted of very small triangles, the sum of the area of triangles corresponds to the surface area of the human body.
Results
The evaluation results of validity are in the following four sections: First, the difference among the surface areas obtained by the three methods was not significant (Table 2) . However, the surface area obtained by 2D scanning was more accurate than that by planimeter (pϽ0.001, Table 2 ). Second, the coefficients of correlation between the measured surface area and the calculated surface area were over 0.998 (Fig. 2) . Third, regarding the error (the difference between the measured surface and the calculated surface area) in the analysis of 2D-scanning, the mean error using the alginate method was 2.0%, but the plaster bandage method was by Ϫ0.3% and the inelastic tape method was Ϫ0.2% (Table 3) . Fourth, the difference according to the form of geometrical solids was examined. In the results of ANOVA, the solids were divided into three groups (Table 3 ). The first group (a) consisted of hemisphere B and cylinder A, and the mean error of the solids was the least (0.0% and Ϫ0.5%, respectively). The second group (b) consisted of cylinder B (mean error 0.7%) and the third group (c) consisted of hemisphere A and truncated cone A (mean error 1.8% and 2.5%, respectively).
As mentioned in the section on methods, the classical approaches to evaluate reliability are to estimate coefficients of correlation among the values measured repeatedly or calculate the standard deviation of the values measured repeatedly. The coefficients of correlation between surface areas measured five times for five kinds of solids was greater than 0.998 (Table 4) . Therefore, it can be said that all the methods were reliable in measuring the surface area of geometric solids. Next, the standard deviation (SD) of surface area measured repeatedly was calculated. The difference among the three methods and two analyses was not significant. The range of SD was about 0.2-4.8 cm 2 in area (Table 5 ). There was no significant difference in the SD according to the shape of the solids.
The validity of the alginate method needs to be re-examined on objects with a similar surface property to that of human skin and the various slopes, because the geometric solids have a slippery surface. When measuring by alginate, the surface area of solids covered by a thin semi-transparent fabric (stocking) was closer to the calculated surface area than the surface area of solids without any covers (Table 2 ). In addition, the error was the least in measuring the boards with the surface of gauze, among three boards with different surface textures. The error for the board with the surface of gauze (0.05%) was significantly less than the mean error for the smooth board with a slippery surface (0.5%) (pϭ0.003, Table 6 ). Furthermore, the error using the alginate method was significantly different depending on the incline of the boards. The error in measuring the surface area of the boards inclined by 20°and 40°from the horizontal had a mean error of 0.07%; on the other hand, the mean error for the boards inclined by 90°was 0.33% (pϭ0.008, Table 6 ).
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Validity and Reliability of Measuring BSA a) Mean of surface areas measured 5 times; b) Alginate-S means the surface area of solids covered by a thin stocking; c) The P-row shows the differences of three methods; d) The Q-row shows the difference between two analyses.
Three methods (plaster bandage, paper tape and alginate method) and two analyses (planimeter and 2D scanning method) were evaluated as valid and reliable methods to measure the surface area of geometric solids. The texture of the human skin is, however, different from the surface of geometric solids and boards. Therefore, the validity of these methods should be examined on human skin. In supposing a surface area obtained by the alginate method and then the 2D scanning-method to be '100', the surface area obtained using the paper tape method was similar to 100, but the surface area obtained using the plaster bandage method and 3D scanning was less than 100 (Table 7) . In particular, when using 3D scanning, the surface area of the hand and upper arm was less than the surface area obtained by the alginate method and the inelastic tape method.
Discussion
In measuring things, a valid and reliable instrument should be used. For example, if someone would like to measure body weight, a scale should be used and the values obtained by the scale should be consistent. In general, there have been three methods of measuring BSA: 1) coating methods, 2) surface integration, and 3) the triangulation of body parts. Surface integration and triangulation has been used by only a few investigators, perhaps because of the lack of reproducability. The smaller parts of the human body and the skin's folds were generally ignored in integrator methods and in triangulation methods. Therefore, the present study selected coating methods (plaster bandage, inelastic tape, and alginate) to evaluate the validity and reliability of methods.
In evaluating validity, first, the difference in the three methods was not significant, but the surface area obtained by 2D scanning was closer to the true value than that obtained using a planimeter. The reason may be that a planimeter often reads the boundary of contours copied on a sheet of paper, but the 2D scanning-method does not read the boundary. Second, the coefficients of correlation between the measured surface 252 Validity and Reliability of Measuring BSA area and the calculated surface area were high. Validity is expressed as degree, such as 'high' or 'low', not 'is' or 'is not'. There is no absolute standard to validity. Generally, if the coefficient of correlation is less than 0.4, validity is evaluated as 'low', and if the coefficient is greater than 0.6, validity is evaluated as 'high' (Seong, 2002) . According to this standard, the three methods above can be evaluated as suitable methods to measure the surface area of geometric solids. Likewise, the two analytic methods (2D scanning and planimeter), were evaluated as a valid method, because the coefficients of correlation between the measured surface area and the calculated surface area, geometrically, were greater than 0.998. Third, in analysis by 2D-scanning, the mean error using the alginate method was 2.0%, but using the plaster bandage method it was by Ϫ0.3% and with the inelastic tape method the mean error was Ϫ0.2%. Moreover, the greater the curvature and smaller the size of a solid, the greater the error. In particular, in measuring the surface area of truncated cone A and hemisphere A using the alginate method, the error was great. The reason may be that the alginate dough may slide down a little if the surface is smooth and the curvature of the solids is great. This can be inferred from the result where the error of hemisphere B using the alginate method was just Ϫ0.1%. Hemisphere B is larger and gentler than hemisphere A. To examine the reason why the surface area using alginate method measured bigger than the surface area calculated mathematically, the surface area of boards with different surface properties and the various inclines were measured using the alginate method. In the results of measurements, the errors of the alginate method were all less than 1%. The alginate method showed a slight tendency towards overmeasurement, when the surface of the objects is smoother and the incline of the objects greater. As expected, the error was the biggest in measuring the board with the smooth plastic surface and the 90°incline, but the error was just 0.6%. In addition, the error in measuring a human arm was less than that in the surface area of geometric solids. The reason must be because many hairs, pores, and minute wrinkles on human skin prevent the alginate from slipping. In addition, small curvatures of the skin also prevent the alginate from slipping. In measuring the surface area of a human arm, the surface area obtained using the plaster bandage method and 3D scanning was less than that using the alginate method. The reasons were because 1) a plaster bandage contracts when drying, and the surface area becomes smaller through protecting the area inside the plaster bandage with another piece of paper, 2) the surface area of the upper arm and hand was especially smaller using the 3D scanning-method. The reasons for the underestimation of 3D scanning might be explained as follows: First, folding or shading parts such as fingers and armpits could not been discerned by the 3D scanner. Studies concerning facial plastic surgery (Cutting et al., 1988 ) also stated that a disadvantage to 3D scanning is surface enfolding, such as the surfaces behind ears, the inside of nostrils, and under the chin, which cannot be appreciated by a laser scanner. Even though some previous studies reported the accuracy of 3D whole-body scanning (Brook-Wavell et al., 1994) , the accuracy was checked by geometrical solids such as spheres, cylinders, cubes, and cones, not real human bodies. Lee and Choi (2005) compared the BSA obtained using the alginate method and 3D scanning method applied to two overweight subjects and a lean subject, and they reported that the difference between the two methods was greater in measuring the overweight subjects than in the lean subject, because the 3D scanner could not discern the folding or shading parts around the belly, armpit, thigh, and breasts. Second, because of the missing parts, 3D scanned data always needs to be patched and smoothed, and these processes might increase error. Tikuisis et al. (2001) discussed whether the error came from the measurement of the human body or was a measurement error from the editing and smoothing procedures. The areas not discerned by 3D scanning are expressed as holes, so a patching procedure to fill up these holes is necessary.
In considering which method is more suitable for measuring BSA, researchers should remember that the inelastic tape method alone, or plaster bandage method alone, or 3D scanning method could not measure the whole body surface area satisfactorily. Many previous studies used two or three methods at the same time because of the small, thin, and folded regions of the body. In other words, the surface area of hands, arms, feet, or legs were measured by narrow, inelastic tapes of uniform width, and the surface area of the thigh or trunk was measured by the coating-method or a surface integrator. Using several methods together may result in another kind of measurement error. If alginate is selected to measure the BSA, researchers don't need to be concerned about the measurement error. The alginate method can measure easily even the small and thin regions of the body as well as large and thick regions.
Researchers should select the most accurate method of measurement available. In the present study, the method with the least error was the coating method using an inelastic tape, but this method was too tiresome and too time-consuming. The easiest and most convenient method was 3D scanning method, but it needed a patching and smoothing procedure because the 3D scanner could not discern overlapping body parts such as fingers and the folds in skin. On the other hand, the alginate method was less tiresome and less time-consuming than the traditional coating methods. Furthermore, this method could measure even the thin and small parts such as fingers and skinfolds with comparative accuracy. All researchers measuring BSA face a choice between accuracy and efficiency. It is each researcher's role to decide where to stand between accuracy and efficiency.
Conclusions
To evaluate the validity and reliability of various methods to measure body surface area (BSA), the coating methods using plaster bandage, inelastic tape, and an alginate were selected. The surface area of geometric solids was measured five times using the three coating methods, and analyzed through 2D scanning and planimeter. Second, to examine the accuracy of the alginate method more closely, the surface areas of boards with different surface properties at various inclines were measured and compared. Lastly, the surface area of a human arm was measured using the three coating methods and a 3D scanning method.
The results can be summarized as follows: 1) Three methods and two analyses were appropriate for measuring the surface area of geometric solids. 2) We do not recommend BSAmeasurement with a planimeter because the mean error was bigger than in 2D scanning. 3) The method showing the least error was the paper tape method, but this method is not recommended because it was too tiresome and laborious. 4) The greater the curvature and the smaller the size of a solid, the greater the error. 5) In measuring surface area using the alginate method, the smoother and more steeply inclined surface measured a greater surface area. However, the mean error was less than 1%. 6) The three measuring-methods and two analyses were reliable in measuring the surface area of geometric solids. The 2D scanning-method was more reliable than the planimeter-method. 7) In measuring a human arm, the surface area obtained by the 3D scanning method measured less than any other surface area obtained using the three coating methods.
In conclusion, the method using alginate was statistically valid and reliable in the measuring of surface area both of geometric solids and real human skin. The alginate method was less tiresome and less time-consuming. In addition, the method can measure small, thin parts such as the finger, toe and ear, even skin-folds. help in preparation and measurements.
